Background/Objectives: The elderly are a growing part of the population. The objectives have been to describe the dietary assessment methods undertaken, and to evaluate the different validation methods and their performance in free-living elderly populations. Subjects/Methods: Participants were from three studies, the Johanneberg, H70 and Nordic Research on Ageing (NORA) studies undertaken in Sweden. The mean age across these studies ranged from 70 to 80 years, and cohort size ranged from n ¼ 173 to a total of 1360 in the four cohorts of the H70 geriatric population study. A food frequency questionnaire (FFQ) was used in Johanneberg and a diet history (DH) in H70 and NORA. Validation was undertaken using a 4-day food record (FR), four 24-h urinary nitrogen (UN) collections and energy intake/basal metabolic rate (EI/BMR) cutoffs in Johanneberg, EI/BMR cutoffs, total energy expenditure (TEE) estimated by heart rate monitoring, activity diary and doubly labelled water in H70, and EI/BMR cutoffs in NORA. Results: The FFQ provided higher intakes of EI and nutrients vs FR, confirmed by UN for protein. Compared with EI/BMR cutoffs, overestimation of EI was moderate. DH showed that slight underestimation vs heart rate was in accordance with activity diary, but compared with doubly labelled water, DH underestimated EI by 12%. In NORA, EI/BMR was high compared with EI/BMR cutoffs. Validation methods detected under-and over-reporting. EI and nutrient intake were in accordance with recommendations. Conclusions: Elderly up to their 80s can perform well in dietary studies. However, people over the age of 80 years may tend to report food habits from earlier in life.
Background
The elderly are a growing part of the population. Between 1995 and 2003, life expectancy rose in all 14 European countries by 3 months each year for men, and by 2 months for women (European Health Expectancy Monitoring Unit, 2005) . In Sweden, the average life expectancy is 82.9 years for women and 78.7 for men (Statistiska centralbyrån (Statistics of Sweden), 2007), and 5% of the population is X80 years (Nordic Council of Ministers (Nordiska ministerrådet), 2007). The majority are in good health and live independently. Yet, ageing is a strong predictor of illness and the prevalence of disease increases by age, and as a consequence, disease-related malnutrition increases, affecting a great proportion of the elderly (European Nutrition for Health Alliance, 2006) (Saletti, 2007) . Disease-related malnutrition adversely affects physical and psychosocial well-being by predisposing to disease, adversely affecting its outcome and reducing the quality of life, at great costs to the society (European Nutrition for Health Alliance, 2006) . Studies of relationships between nutrition and health in ageing cohorts are therefore of value. Information on the validity of dietary assessment methods in the elderly is of importance for analysis and interpretation of dietary data.
Gothenburg is the second largest city in Sweden, located in the west coast, with a long-standing tradition of population studies focusing on the relationships between ageing, nutrition and health. The aim is to present experiences from three of these studies, with an emphasis on description of nutrient and food intake and validation of dietary assessment methods in free-living elderly populations.
Methods

Participants
The Johanneberg study (Rothenberg et al., 1993; Augustsson et al., 1994) was conducted within the frame of an international collaboration with the International Union of Nutritional Sciences Committee on Nutrition and Ageing and WHO Global Program for the Elderly (Wahlqvist et al., 1988) and was aimed at improving health and quality of life (Rothenberg et al., 1993; Augustsson et al., 1994) . All individuals X70 years (mean age 77 for men and 78.3 years for women) (n ¼ 340) in a geographically well-defined area of Gothenburg were invited to participate, of whom 286 were eligible for examination. The primary response rate was 80% in men and 74% in women. Analysis of non-response showed lower education, occupational status and worse self-rated health among non-responders. Thus, 217 individuals (73 men and 144 women) participated, of whom 188 (66 men and 122 women, 38% X80 years) participated in the dietary interview. Non-response rate was 13.4%. A semiquantitative food frequency questionnaire (FFQ) aimed at providing total energy and nutrient intake was used, comprising 224 food items distributed in 11 food groups (Rothenberg et al., 1993) . Validation was conducted with a 4-day food record (FR) and four 24-h urinary nitrogen (UN) collections (Rothenberg, 1994) .
The gerontological and geriatric population studies-H70 -are a time series of longitudinal studies of 70-year olds in Gothenburg (Rinder et al., 1975; Steen and Djurfeldt, 1993) . The objectives were to study social and medical conditions, as well as to contribute to the knowledge of normal ageing processes. Data from cohorts, drawn from local population registers, of 70-year olds at four time points : 1971/72, 1981/83, 1992/93 and 2000/01 , giving a total of 1360 men and women are shown (Eiben et al., 2004) in Table 1 . The purpose was to compare dietary practices among different birth cohorts. Response rate decreased with time, from 84 and 86% in men and women, respectively, in 1971, to 65% in both sexes in the 2000 cohort. Analysis of non-response was undertaken in all four cohorts (Rothenberg et al., 1996; Eiben et al., 2004) . Only in the 1980-1981 cohort were differences shown between responders and non-responders with a higher proportion of women and those with lower income among non-responders.
A diet history (DH) was used in all four samples capturing food intake of the last 3 months in a detailed dietetic interview (Eiben et al., 2004) . DH was validated (Rothenberg et al., 1998) by comparison of EI with estimated total energy expenditure (TEE) by heart rate monitoring, activity diary and doubly labelled water.
The Nordic Research on Ageing (NORA) studies aimed to describe and compare the functional capacity of 75-year olds living in three urban localities in Finland, Sweden and Denmark (Schroll et al., 1993; Steen et al., 1997) . The Swedish 75-year cohort was re-examined at 80 years. The purpose was to describe dietary practices and relate to reported health, cognitive function and sociodemographic factors. A systematic sample (n ¼ 450) was drawn from the local population registers in 1990; response rate was 83% in the first part of the study and 72% in the second. In 1995/1996, the remaining sample (n ¼ 268) was invited to a follow-up, in which 204 took part, a response rate of 76%. Of these, 81 men and 92 women participated in the dietary study (Rothenberg and Andersson, 2002) , giving a secondary response rate of 85%. The same DH was used as in H70.
In all three studies, health status was good; participants were free living and cognitively able. The main reasons for non-response were refusal, non-cooperation, illness or death. In Johanneberg, the younger (p79 years) more often reported good health and lack of time as reasons for not participating. Exclusion was made if living in institutions or because of incomplete FFQ and DH.
Evaluation of plausibility in estimated EI was made by comparing the ratio of EI and predicted basal metabolic rate (BMR) with cutoffs for physical activity level (PAL ¼ TEE/BMR) Goldberg et al., 1991; Rothenberg et al., 1997) . BMR was predicted from body weight by means of standard equations (FAO/WHO/UBU, 1985; Department of Health, 1991) . In H70, tests for cohort trends were made by linear-by-linear association. All statistical results were based on cross-sectional data. In NORA, data from each of the neuropsychological tests and the questionnaire were analysed in terms of energy intake (EI) and EI/BMR. The complete neuropsychological examinations are described in Steen et al. (1997) . For memory, Mini-Mental State Examination was used (Folstein et al., 1975) . Using factor analysis, the neuropsychological tests were also placed into one of two categories, intelligence and memory, based on inter-correlation between the tests and included in the statistical analysis.
Results
Johanneberg, EI, body mass index (BMI) and EI/BMR values for men and women are shown in Table 1 . Nutrient intake was on average above than that recommended (Sandström et al., 1996) . For vitamin D, mean intakes fell below recommended intakes and only the 90th percentile reached that level. Women with BMIo20 had lower carbohydrate intake (Po0.05) compared with those with BMI420. Women with self-rated good health showed higher intake of energy and protein than did those rating their health as poor. No significant differences were seen regarding nutrient intake according to age. Thus, significant relationships were found between food consumption and food believed to be good or bad for health and socioeconomic characteristics. Sugar intake was negatively related to income, professional status in men and Activity of Daily Living status in women p79 years. A majority (76%) had three meals/day; the average was 4.6/day. No differences were seen between those p79 years vs those X80 years regarding the mean value for the EI/BMR ratio. In men, a negative correlation was found for the relationship between BMI and EI/BMR (À0.42, Po0.001). The FFQ provided consistently higher EI than did the FR ( þ 35%), but the proportion and distribution of macronutrients showed accordance between methods. The ratio for protein intake was 1.25 by FFQ/UN and 1.07 by FR/UN. An EI/BMR of 1.27, according to the FR, was not in conformity with habitual energy expenditure compared with cutoff limits and was 1.64 for the FFQ. Overestimation was thus moderate compared with EI/BMR cutoffs ( þ 10%). H70, EI, BMI and EI/BMR values are shown in Table 1 , with a trend over time for men of P40.0001, P40.0001 and P40.001, respectively. In 1992 and 2000, 95 and 98% of participants, respectively, had a BMI420 kg/m 2 . Over the three decades, there was an increasing trend in nutrient density for most nutrients between cohorts. Intakes were in accordance with recommendations for most nutrients in all cohorts. Intake of vitamin D fell below that recommended but o3% fell below the recommended safe level.
Many secular changes in food selection were observed, for example, meat and vegetables, as well as potatoes were replaced by pasta and rice; porridge, gruel and refined breads were replaced with cereals and fruit yoghurt. DH showed a slight underestimation of EI compared with heart rate and activity diary, but compared with doubly labelled water, DH underestimated EI by 12%. The validation methods detected under-as well as over-reporting. A significant trend was seen when stratifying at different levels of EI/BMR with higher (body weight) and lower EI, higher proportion of energy from protein and lower from fat in the group with lower values of EI/BMR.
In NORA, health variables indicated self-rated health as good. EI, BMI and EI/BMR values for men and women are shown in Table 1 . Around half of the population had an intake of less than 2/3 of that recommended for vitamin D (60% women, 43% men). Compared with the 1992 H70 cohort, the groups ate similar food types but the 80-year olds of NORA consumed more high-fat milk, margarine, cheese and bread, which could be explained by the higher intake of sandwiches in NORA. The older men reported a lower intake of meat, rice and pasta, and the women reported less fresh vegetables than did the 70-year olds. According to Mini-Mental State Examination, a score p23 indicates cognitive impairment and three participants fell below this cutoff. No relations between intelligence and memory vs EI and EI/BMR were found. In the BMI category, o20 EI/BMR was 2.20, whereas in the category 20-30 it was 1.80 and in the category 430 it was 1.49.
Discussion
In all three studies, health status was good; participants were free living and cognitively able. The response rate fell over time in the H70, but was still within the range of other nutritional surveys in the elderly such as the Survey in Europe on Nutrition and the Elderly: a Concerted Action (SENECA) study (de Groot et al., 1991; Van't Hof and Burema, 1996) . A lower response in the later cohorts of H70 must be considered in terms of representativity of the whole population.
In Johanneberg, the extensive FFQ may have contributed to an overestimation of intake. In H70, the same DH was used in all four cohorts. Yet, within 30 years, the range of foods available in shops, nutrient content of foods, for example fat content in meat, and nutrient information in databases, will change-a great challenge involving much work to make data comparable over time (Rothenberg et al., 1996) . Estimation of portion sizes is difficult and may result in incorrect estimates either consciously or unconsciously. Aids such as photos and food models may or may not increase the accuracy of portion-size estimation. According to our experiences, engineers and craftsmen performed better than did housewives on providing detailed portion sizes estimated, possibly for two reasons: (1) they had a professional eye that could estimate whether, for example, a slice of bread is 8 or 11 mm and (2) they knew the importance of being exact. In H70, food models were used in the 1971 cohort that were found to be inflexible and insufficient. In later cohorts including NORA, linseed bags of different volumes were used for the estimation of portion sizes, having the advantage of being neutral and flexible. In Johanneberg, photographs were used. These were experienced as less flexible than the linseed bags. However, no comparison of the two instruments was made.
Under-as well as over-reporting was found. In all three samples, there was a negative relation between BMI and EI/BMR, indicating that report bias of EI was not consistent over BMI categories. In NORA (80 years), an observation made during interviews was that many individuals tended to report what they ate earlier in life rather than the present food intake. This might cause an overestimation of true EI. The Johanneberg and NORA populations showed unexpectedly high EIs supported by high EI/BMRs. Taking this into consideration, intakes of energy and other nutrients were good and generally met recommended intakes with the exception of vitamin D, food choices were varied, and BMIs also suggested good nutritional status. In H70, it was shown that over three decades the intake of many foods generally considered healthy have increased and that dietary trends in the elderly are consistent with those observed in the population as a whole (that is, food disappearance data reported by the Swedish Department of Agriculture). Over time, EI/BMR levels have been relatively stable in H70 (Eiben et al., 2004) . These studies suggest that the healthy elderly who do not suffer from chronic disease or functional impairment can have good food habits, with adequate intakes according to recommendations up into their 80s and 90s, and maintain a healthy BMI.
Some studies have tried to determine the effects of age on validity in dietary studies of the elderly (Cummings et al., 1987; Margetts et al., 1989; Sobell et al., 1989) . However, few have included specific measures on cognitive function. In one study (Morris et al., 2003) , an FFQ was validated by 24-h recall in the elderly aged 68-99 years. No remarkable differences in correlation by age, educational level, presence of chronic conditions or cognitive ability were shown. In another study (Visser et al., 1995) , EI by a DH was validated by TEE measured on two consecutive days in a respiratory chamber in 12 women aged 69-82 years. An underestimation of 12% was found. Further, the accuracy and precision of the 24-h recall, 7-day FR and four different FFQs were evaluated in young and elderly women comparing reported EI with TEE by doubly labelled water. In older women, mean values for EI by the Willett FFQ (Sawaya et al., 1996) were closest to the TEE values, but no method gave values for EI that correlated significantly with TEE. One aim was to see whether ageing was associated with higher levels of under-reporting and whether this was associated with increased body fat and increased dietary restraint measured psychometrically. None of the variables, including age, was significantly related to the discrepancy between TEE and EI by any of the methods, but 24-h recall was associated with increased underestimation of EI related to age (Sawaya et al., 1996) . The 24-h recall is dependent on adequate short-term memory, and ageing appears to be associated with an increasing decline of risk in short-term memory (van Staveren et al., 1994; Sawaya et al., 1996) . In one study (Sawaya et al., 1996) , a 7-day-weighed FR, the most difficult and time-consuming method, was neither more accurate nor more precise than simpler methods (Sawaya et al., 1996) . General conclusions based on studies reported are difficult to make because of differences in purpose, design reference method and target population. Overall, the findings do not indicate that advanced age impairs the validity of nutrient intakes determined by commonly used instruments, except those dependent on good short-term memory.
DH seems to be an effective method of dietary assessment in the elderly, also supported by others (SENECA) (de Groot et al., 1991; van Staveren et al., 1994) . However, interview technique is important as memory may be poor or hearingimpaired; patience and use of probing questions are necessary for acquiring quality dietary information. Loneliness is common, making many participants talkative and often getting side tracked during interviews.
We have shown that the overweight elderly have a tendency to greater levels of under-reporting (Rothenberg et al., 1997) . Within NORA, according to memory tests, reporting bias could not be explained by severe cognitive disability. A speculation is that systematic over-reporting in very old (X80) people could be present without support from cognitive tests, rather than being caused by social/mental 'regression to the past', so called gero-transcendence, at least by using a dietary assessment method focusing on usual food habits. Thus, there is a tendency to report previous food habits in favour of present food habits. For the FFQ, an explanation for over-reporting could be a willingness to 'please' and to be cooperative by reporting foods eaten very seldom or not eaten. These elderly are found generally to be health conscious and well motivated to maintain their health by eating well. We have also found the elderly to have stable, regular eating routines. They, more often women but also men, tend to eat at home and cook meals from basic ingredients. The planning of meals, shopping and cooking forms an important part of daily routines. This may make it easier for the elderly to report what they eat and therefore makes them more reliable to study than younger people. We could speculate that people born after the groups were studied, after 1940, are likely to have different cooking and eating habits, including more convenience meals and more frequent eating out, making it harder to report intake in detail.
Conclusion
Some levels of over-and under-report bias were detected, but generally the FFQ and the DH performed well as methods of measuring dietary intake in elderly populations. Age per se in these populations had little impact on the ability to participate in dietary surveys, as participants up to and into their 80s performed well in reporting their food habits.
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